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Abstract The development of human civilisations has occurred at a time of stable climate. This climate
stability is now threatened by human activity. The rising global climate risk occurs at a decisive moment
for world development. World nations are currently discussing a global development agenda consequent
to the Millennium Development Goals (MDGs), which ends in 2015. It is increasingly possible to envisage
a world where absolute poverty is largely eradicated within one generation and where ambitious goals
on universal access and equal opportunities for digniﬁed lives are adopted. These grand aspirations for a
world population approaching or even exceeding nine billion in 2050 is threatened by substantial global
environmental risks and by rising inequality. Research shows that development gains, in both rich and
poor nations, can be undermined by social, economic and ecological problems caused by human-induced
global environmental change. Climate risks, and associated changes in marine and terrestrial ecosystems
that regulate the resilience of the climate system, are at the forefront of these global risks. We, as citizens
with a strong engagement in Earth system science and socio-ecological dynamics, share the vision of a
more equitable and prosperous future for the world, yet we also see threats to this future from shifts in
climate and environmental processes. Without collaborative action now, our shared Earth systemmay not
be able to sustainably support a large proportion of humanity in the decades ahead.
1. HumanWellbeing Is at Risk FromaChanging Climate
The development of human civilizations has occurred at a time of stable climate. This climate stability is
now threatened by human activity. The rising global climate risk occurs at a decisive moment for world
development. World nations are currently discussing a global development agenda consequent to the
Millennium Development Goals (MDGs), which ends in 2015. It is increasingly possible to envisage a
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adopted on universal access to clean energy and water, and improvements in human health, education,
and equal opportunities for digniﬁed lives.
These grand aspirations for a world population approaching or even exceeding nine billion in 2050
[Andreev et al., 2013] is threatened by substantial global environmental risks and by rising inequality
[Brito and Stanford-Smith, 2012; UNEP, 2012; Intergovernmental Panel on Climate Change (IPCC), 2013,
2014a]. Research shows that development gains, in both rich and poor nations, can be undermined by
social, economic, and ecological problems caused by human-induced global environmental change
[World Bank, 2012]. Climate change, and associated alterations in marine and terrestrial ecosystems that
regulate the resilience of the climate system, is at the forefront of these global risks.
We, as citizens with a strong engagement in Earth system science and socio-ecological dynamics, share
the vision of a more equitable and prosperous future for the world, yet we also see threats to this future
from shifts in climate and environmental processes. Without collaborative action now, our shared Earth
systemmay not be able to sustainably support a large proportion of humanity in the coming decades.
2. Scientists SpeakingWithOneVoice
The scientiﬁc evidence is clear: by continuing to add greenhouse gases (GHGs) to the atmosphere we
are laying a very dangerous path for our planet. The magnitude of future global temperature and related
changes in regional weather extremes, rainfall patterns, and sea level will be determined by the extent to
which our emissions of GHGs trigger reinforcing climate processes (positive feedbacks), some of which are
likely to continue to accelerate as warming proceeds.
Recent evidence from both Polar Regions illustrates that such positive feedback eﬀects may have already
started. Satellite observations and ﬁeld measurements show that summer melting of snow on Greenland
now occurs over most of the ice sheet, which leads to a darker surface and, as a consequence, an increase
in heat absorption, leading to further melt [Box et al., 2012]. A similar issue has been observed in the Arc-
tic Ocean, as a consequence of the generally diminishing sea ice, leading to enhanced uptake of the sun’s
heat by the open ocean. In West Antarctica, where the ice sheet is grounded on the sea ﬂoor, ocean warm-
ing has been shown to cause ice retreat into deeper regions, which automatically leads to further loss of
ice and, hence, greater retreat. Recent studies have suggested that some sections of the ice sheet are now
undergoing the ﬁrst signs of irreversible loss, with the risk of additional global sea level rise of one or more
meters in the coming 50–100 years [Joughin et al., 2014; Mouginot et al., 2014]. Irreversible melt of the
Greenland ice sheet, which holds an associated sea level rise of seven meters, might be triggered by less
than 2∘C of global warming compared to the pre-industrial climate [Robinson et al., 2012; IPCC, 2013].
Another signiﬁcant risk is that of long-term carbon release from permafrost thawing in boreal zones, lead-
ing to substantial additional warming of the planet’s surface [Schaphoﬀ et al., 2013]. All the while, the risk
of ecosystems transforming across the world increases strongly as a function of global mean temperature
change [Ostberg et al., 2013].
Actual trends of CO2 emissions suggest that the warming eﬀect of our current GHG emissions rates might
push us to 4∘C above pre-industrial climatic conditions. If this occurs, our climate would be as diﬀerent
from pre-industrial conditions as it was when the Earth began to emerge from the last ice age some 18,000
to 20,000 years ago. The governments of the world have agreed that the global average temperature
increase should not exceed 2∘C (compared to the pre-industrial average) in order to avoid dangerous cli-
mate change (COP Cancun, 2010). Considerable risks with potentially serious impacts are expected already
at 1 to 2∘C warming, which will require large investments in adaptation [IPCC, 2014a].
Beyond such average global temperature increases, societies will experience increasing risks from extreme
events and other changes that may be beyond adaptation capabilities, making several parts of the world
susceptible to extremely high social and economic costs [IPCC, 2012]. This includes risks to global food
production, freshwater supply and quality, signiﬁcant sea level rise, changes in disease patterns, and pos-
sibly higher risk of pandemics (IPCC, 2014a).
As human-induced emissions of CO2 increase, the likelihood of exceeding 2
∘C rises. Translating the cli-
mate sensitivities in the IPCC AR5 report into risk terms shows that at a greenhouse gas concentration
of 450 ppm CO2eq for all forcing agents, i.e., long- and short-lived gases as well as warming and cooling
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agents, the probability of exceeding 2∘C at equilibrium is approximately 60% [Rogelj et al., 2012; GROI,
2013; IPCC, 2013]. Even if we focus on transient scenarios until 2100 with deep cuts in emissions during
the second half of the century, we face at least a 30% probability of exceeding 2∘C the by end of the cen-
tury at 450 ppm CO2eq [IPCC, 2014b]. We are virtually certain to reach an annual mean concentration of
400 ppm CO2 in 2014 (we stood at 398 ppm CO2 in early 2014 and are increasing at a rate of 2–4 ppm per
year), which corresponds to approximately 450 ppm CO2eq for all forcing agents. This is a very high risk
level, especially given that we are already above 400 ppm, and is much greater than we normally accept
for other potentially dangerous societal risks, such as nuclear power generation, terrorism, and human
health epidemics.
Humanity still has a choice, either to continue on a high risk path, or to transition to a developmental
paradigm that enhances human well-being within a safer future climate. This choice can be stated in terms
of a maximum global carbon budget: a limit of approximately 600–1200 Gt of additional CO2 emissions
gives the world a 66% chance of meeting the target 2∘C under optimistic assumptions (sustained carbon
sinks, reduction in other GHGs, and non-occurrence of Earth system tipping points) [Meinshausen et al.,
2009, 2011; Rogelj et al., 2012; IPCC, 2013, 2014]. With the current level of global fossil fuel CO2 emissions
of approximately 35 GtCO2/year and rising, the world has only some 20–25 more years to complete the
transition to a low-carbon economy. To succeed in staying within anything like this global carbon budget
or, equivalently, to limit the global temperature rise to even near 2∘C, global emissions would need to
peak in the 2020s and fall to a very low level in the latter part of the century.
3. The Challenge for Global Society and Its Political Leaders
Politically and economically, emissions reductions are extremely challenging and represent a big invest-
ment that will pay oﬀ years later. There is, in our minds, no doubt that this is one of the largest world
challenges of our time. But with challenges come huge opportunities. It might be possible with existing
technologies to secure continued development and well-being for our rapidly growing global popula-
tion, while performing a concerted global transformation to a low-carbon economy that ensures access to
clean energy for all citizens and avoids the risks of climate change [GEA, 2012; World Bank, 2012].
The latest scientiﬁc assessment of global climate change by the IPCC comes at a critical juncture, as world
nations prepare for the post-2015 world development framework, including both a global climate agree-
ment to follow on from the Kyoto Protocol and the Sustainable Development Goals agenda to replace the
MDGs (Griggs et al., 2013). The political challenge is to now design a transformational paradigm shift in
development, away from growth at the expense of the climate system and, instead, transition toward a
framework that ensures sustainable human well-being within the safe operating space of a stable envi-
ronment [Rockström et al., 2009; Steﬀen et al., 2011].
The task ahead for world leaders involved in the UN processes on climate change and sustainable devel-
opment is immense. The scientiﬁc reasoning behind the need for change is irrefutable, however. Our
world, our society, if it wishes to avoid signiﬁcant and irreversible global change, must commit to do
everything it can to stabilize the climate system at, or below, the internationally agreed target of 2∘C. It
is encouraging that many countries are taking important ﬁrst steps in this direction.
4. AGlobal Transformation Is Necessary and Possible . . . .
World economic growth has been fueled by decades of investments that have led to relatively cheap fossil
energy sources, subsidized through “cost-free pollution” of the atmosphere and the biosphere, and little
compensation to regions and communities impacted by industrial progress over the last two centuries.
This path has led to substantial economic growth in many nations of the world, and our existing geopo-
litical framework. There is, therefore, an understandable temptation to continue with this well-proven
growth model. Based on the evidence at hand, however, that approach puts both the climate system
and the biosphere, upon which humanity depends, at risk, and thus also, future societal well-being and
development. Because more than 70% of emissions are from fossil fuels, a global transformation to a
low-carbon world economy is a necessary and urgent requisite for reducing the risks and costs to our
future generations.
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This transformation requires a global energy revolution [GEA, 2012], which has, we suggest, already
started. Several sectors, businesses, civil society initiatives and countries are gradually implementing
and scaling-up renewable energy systems, decoupling future growth from emissions, and improving
energy eﬃciency, not primarily on environmental but on economic grounds [GEA, 2012]. Energy demand
in many industrialized countries is falling even as their economies continue to grow. Wind power and
solar photovoltaics are growing exponentially in several parts of the world, already accounting for 25% of
electricity generation in countries such as Germany and Spain, and are rapidly outcompeting traditional
energy sources, such as nuclear and fossil fuels on energy returns on investment (EROI) [World Energy
Council, 2013], leading to the conclusion that many countries can today reach very high shares (30%)
of electricity from solar and wind [IEA, 2014]. These changes need to be widespread and accelerated
exponentially. Research and development on next-generation buildings, mobility, smart grids, low cost,
and eﬃcient storage and energy carriers, etc., show that decarbonization oﬀers huge opportunities and
that energy systems can be based on emissions-free sources. The world may be approaching a point
where the technological feasibility and economic beneﬁts clearly tip in favor of a large-scale transition to
an economy powered by clean and eﬃcient energy [GEA, 2012]. Ensuring unbiased and enabling policy,
and regulatory frameworks could bring about the transformations that could lead to a carbon neutral
society.
A transformation to global sustainability, including our ability to mitigate climate change, goes well
beyond reducing emissions of CO2. Safeguarding the resilience of the biosphere is necessary in order to
sustain the huge carbon sink in the oceans (which absorb ∼25% of anthropogenic CO2 emissions) and
land-based ecosystems (which take up another ∼25% of CO2 emissions) [IPCC, 2013]. Sustainable man-
agement of Earth’s ﬁnite freshwater is also critical in this respect, as its role of regulating biomass growth
and the functioning of ecosystems is an essential element of the Earth system. There is a great need
for a far more advanced understanding of the multiple shocks and cascading eﬀects, and the solutions
and management systems of water in the context of climate change, that go far beyond the local to the
regional and global levels.
The global food market is a signiﬁcant contributor to human-induced climate change, yet it is also highly
vulnerable to future change. A global transformation to sustainable food systems is therefore necessary.
Changes in food production, consumption and supply, meeting rising food demands and shifting diets
over the coming 30 years, will require approximately 50% increase in global food supply, and changes in
diets, waste, yields, etc. This corresponds to a new green revolution based on sustainable intensiﬁcation,
and at the same time there must be a transformation from a carbon-intensive industry to one which helps
reduce carbon emissions and conserves biodiversity, land, soil nutrients, and water.
Human migration, which may increasingly include climate-induced movement of people, is contributing
to larger urban populations, which are growing at unprecedented rates. Urban technologies provide
the opportunity to reverse the growing problems of GHG emissions, air pollution, and other envi-
ronmental impacts. This opportunity must be seized, enabling sustainable development, in which
urban areas are designed to combine improved services with GHG reductions. This can also prove
to be cost eﬀective in developing countries where urban infrastructure is not yet developed, and
in developed countries through the avoidance of the long-term increased costs of a high emission
infrastructure.
5. … andDesirable
Overwhelming evidence now shows that a transition to a sustainable future is not only necessary and pos-
sible, but also desirable if we wish to protect economies, reduce human suﬀering, and enhance wellbeing,
both now and in the future. Rising volatility on global energy markets coupled with rapidly rising demand
and decline in economically viable reserves [McKillop, 2011]; growing risks of social instability, insecurity,
and conﬂict related to control over resources, including energy and water; and, risks of losing industrial
competitiveness as EROI of fossil fuels continue falling, are all rational economic arguments for a transition
away from 19th and 20th century energy solutions. The health costs of outdoor and indoor air pollution
associated with fossil fuel consumption and biomass burning have become very high, with an estimated
seven million deaths in 2012, and signiﬁcantly shortened life expectancies among urban citizens [WHO,
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2014]. Sustainable food systems cannot only deliver food with lower climate impacts but also healthier
food, and contribute to maintaining landscape resilience [Gregory et al., 2005; Rockström et al., 2014].
These are human beneﬁts before even considering the potentially high social costs of allowing climate
change to exceed manageable levels [World Bank, 2012].
We ﬁnd a world transition to a low-carbon economy can be made while ensuring the right to develop-
ment among the world’s developing nations, by prioritizing access to cheap modern energy systems and
higher mitigation requirements on richer nations who have caused the bulk of CO2 emissions from fossil
fuels so far. This has to be accompanied by capacity development programs at all levels of governance
and society.
Facing this greatest challenge, world leaders are able to make choices now, while this opportunity is still
at hand, to safeguard a prosperous future for humanity on Earth. As scientists we believe the evidence to
support decisions is convincing. As citizens we urge our leaders to create a more sustainable future.
References
Andreev, K., Kantarova, V. and Bongaarts, J. (2013) Demographic Components of Future Population Growth, Technical Paper 2013/3.
United Nations. New York
Barnosky, A. D., et al. (2012), Approaching a State Shift in Earth’s Biosphere, Nature, 486, 52–58, doi:10.1038/nature11018.
Box, J. E., X. Fettweis, J. C. Stroeve, M. Tedesco, D. K. Hall, and K. Steﬀen (2012), Greenland ice sheet albedo feedback:
Thermodynamics and atmospheric drivers, The Cryosphere, 6, 821–839, doi:10.5194/tc-6-821-2012.
Brito, L and Stanford-Smith, M. (2012) State of the planet declaration. Planet under pressure: New knowledge towards solutions.
London, U. K., 26–29 March, 2012
COP Cancun (2010) The Cancun Agreements, UNFCCC, Cancun.
GEA (2012), Global Energy Assessment - Toward a Sustainable Future, Cambridge Univ. Press, Cambridge UK the International Institute
for Applied Systems Analysis (IIASA), Laxenburg, Austria.
Griggs, D., et al. (2013), Policy: Sustainable development goals for people and planet, Nature, 495, 305–307, doi:10.1038/495305a.
Gregory, P. J., J. S. I. Ingram, and M. Brklacich (2005), Climate change and food security, Philos. Trans. R. Soc. B, 360, 2139–2148,
doi:10.1098/rstb.2005.1745.
GROI (2013) Global risk and opportunity indicator (GROI), http://global-risk-indicator.net/
IEA (2014), The power of transformation – Wind, Sun and the economics of ﬂexible power systems, International Energy Agency, Paris.
IMF, (2014) Energy subsidy reform – lessons and implications, Report, Washington DC
IPCC (2012), Managing the risks of extreme events and disasters to advance climate change adaptation. A Special Report of Working
Groups I and II of the Intergovernmental Panel on Climate Change, edited by C. B. Field, V. Barros, T. F. Stocker, D. Qin, D. J. Dokken, K.
L. Ebi, M. D. Mastrandrea, K. J. Mach, G. -K. Plattner, S. K. Allen, M. Tignor, and P. M. Midgley, Cambridge Univ. Press, Cambridge, UK
582 pp.
IPCC (2013), Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change, edited by T. F. Stocker, D. Qin, G. -K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A.
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Cambridge Univ. Press, Cambridge, U. K.
IPCC (2014a), Climate change 2014: Impacts, adaptation, and vulnerability. Contribution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change, edited by C. B. Field, V. R. Barros, D. J. Dokken, K. J. Mach, M. D.
Mastrandrea, T. E. Bilir, M. Chatterjee, K. L. Ebi, Y. O. Estrada, R. C. Genova, B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken, P. R.
Mastrandrea, and L. L. White, Cambridge Univ. Press, Cambridge, U. K.
IPCC (2014b), Climate change 2014: Mitigation of climate change. Contribution of Working Group III to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change, edited by O. Edenhofer, R. Pichs-Madruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth,
A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. Schlömer, C. von Stechow, T. Zwickel and J. C. Minx,
Cambridge Univ. Press, Cambridge, U. K.
Joughin, I., B. E. Smith, and B. Medley (2014), Marine ice sheet collapse potentially under way for the Thwaites Glacier Basin, West
Antarctica, Science, 344(6185), 735–738, doi:10.1126/science.1249055.
McKillop, A. (2011), Climate, energy transition and oil resources, Energy and Environ., 22(3), 189–206, doi:10.1260/0958-305X.22.3.189.
Meinshausen, M., et al. (2009), Greenhouse-gas emission targets for limiting global warming to 2∘C, Nature, 458, 1158–1162,
doi:10.1038/nature08017.
Meinshausen, M. N., et al. (2011), The RCP greenhouse gas concentrations and their extensions from 1765 to 2300, Clim. Change,
109(1–2), 213–241, doi:10.1007/s10584-011-0156-z.
Mouginot, J., E. Rignot, and B. Scheuchl (2014), Sustained increase in ice discharge from the Amundsen Sea Embayment, West
Antarctica, from 1973 to 2013, Geophys. Res. Lett., 41, 1576–1584, doi:10.1007/s10584-011-0156-z.
Ostberg, S., W. Lucht, S. Schaphoﬀ, and D. Gerten (2013), Critical impacts of global warming on land ecosystems, Earth Syst. Dynam.,
4, 347–357, doi:10.5194/esd-4-347-2013.
Robinson, A., R. Calov, and A. Ganopolski (2012), Multistability and critical thresholds of the Greenland ice sheet, Nat. Clim. Change, 2,
429–432, doi:10.1038/nclimate1449.
Rockström, J., et al. (2009), A safe operating space for humanity, Nature, 461, 472–475, doi:10.1038/461472a.
Rockström, J., C. Folke, M. Falkenmark, et al. (2014), Water resilience for human prosperity, Cambridge Univ. Press, Cambridge, U. K.
Rogelj, J., M. Meinshausen, and R. Knutti (2012), Global warming under old and new scenarios using IPCC climate sensitivity range
estimates, Nat. Clim. Change, 2(4), 248–253, doi:10.1038/nclimate1385.
Schaphoﬀ, S., U. Heyder, S. Ostberg, D. Gerten, J. Heinke, and W. Lucht (2013), Contribution of permafrost soils to the global carbon
budget, Environ. Res. Lett., 8, 014026, doi:10.1088/1748-9326/8/1/014026.
Smith, J., et al. (2009), Assessing dangerous climate change through an update of the Intergovernmental Panel on Climate Change
(IPCC) “reason for concern”, Proc. Natl. Acad. Sci. U. S. A., 106(11), 4133–4137, doi:10.1073/pnas.0812355106.
Acknowledgments
Contributions and outcomes of this
statement come partially from the four
working groups of the Earth League
First Annual Workshop: A World Under
2–4 degrees Warming, hosted at the
Santa Fe Institute, USA, 23–25 April
2014.
ROCKSTRÖM ET AL. © 2014 The Authors. 610
Earth’s Future 10.1002/2014EF000280
Steﬀen, W., et al. (2011), The Anthropocene: From global change to planetary stewardship, Ambio, 40(7), 739–761,
doi:10.1007/s13280-011-0185-x.
UNEP (2012) Environment for the Future We Want. Global Environmental Outlook, GEO5, Malta.
United Nations, 2014. Open working group on sustainable development goals, Working Document 11th Session, 5–9 May 2014.
http://sustainabledevelopment.un.org/content/documents/3686WorkingDoc_0205_additionalsupporters.pdf
World Bank (2012), Turn down the heat: why a 4∘C warmer world must be avoided, World Bank, Washington DC.
World Energy Council (2013), World Energy Resources. 2013 Survey, World Energy Council, London, U. K.
World Health Organisation (2014) 7 million premature deaths annually linked to air pollution. News release 25 March.
ROCKSTRÖM ET AL. © 2014 The Authors. 611
